The kinetic effect of palmitate, stearate, oleate, linoleate, and linolenate upon in vitro endogenous respiration of rat chloromyeloid leukemic cells has been investigated.
It has been reported (2) that tile active principle of royal jelly which shows antitumor activity (preincubation of tumor inoculum) is the fatty acid, i0-hydroxv-2-decenoic acid, and it has been proposed that such materials be investigated for their clinical usefulness. Bennett and Connon (3) have shown that fatty acids have a potent lytic action upon cells; also, that the degree of lysis may 1)e correlated to the degree of inhibition of respiration. Morgan et at. (4) , in a study of saturated dicarboxylic acids, concluded that the mechanism by which dicarboxylic acids inhibit tumor formation (preincubation) has not been elucidated. In this report, we present the results of our studies with animal tumor cells exposed to a variety of fatty acids, over several decades of concentration, as a function of time.
The effects upon endogenous respiration, cell count, viability, and transplantability have been recorded, analyzed, and correlated.
Materials
Krebs-Ringer phosphate butTer (5) , pH 7 
Methods Preparation of Tumor Cell Suspension
The tumor-bearing rat is ether anesthetized and exsanguinated by heart puncture.
The tumor mass is collected in a petri dish and washed with 10 ml. of physiologic saline, and the necrotic tissue is removed. The tumor mass is minced with scissors in a petri dish to release cells. By using a stainless-steel wire gauze (40 mesh per inch) with the same inside diameter as the petri dish, the released cells can he separated from the tumor mince and collected in a syringe fitted with a 20-gauge needle.
This operation is carried out 3 times with 10-mi. portions of physiologic saline. The cell suspension is collected in a 15-mi., plastic test tube and centrifuged at 1000 rpm for 10 mm. at room temperature. 
Results

In Vitro Metabolic Studies
The metabolic activity of rat chloromyeloid tumor cell suspensions is summarized as follows. The pattern of activity of t.hese tumor cells fits that reported for other animal tumor systems.
In addition to the high aerobic glycolysis, as seen above, these cells also show the Ci'abtree effect (9) % activity versus time), a straight line is obtained. This is shown in Fig. 2 . Note that the family of nonlinear curves of Fig. 1 is transformed to a family of linear curves.
It is obvious that the measured effects are complex.
If the reactions were simply logarithmic, the lilies should intersect 100% at zero time. In a sense, this is true only for the lowest concentration (Curve I). In Fig. 1 , it can be seen that only after 40 mm.
of contact with the oleic acid, did the inhibition of 02 uptake become measurable.
At this concentration in Fig. 2 , the curve extrapolates back to 100% activity remaining at about 40 mm. At the higher concentrations, the curves of Fig. 2 found after 20 mm. when the straight-line patterns of the curves are demonstrable.
From these curves (Fig. 2) , it is possible to calculate the time for 50% inhibition, t112, to take place. These data for five long-chain fatty acids are summarized in Table 1 . The relationships which exist between t,/2 for a particular fatty acid as a function of concentration amid the different fatty acids are readily discerned in Fig. 3 , where t,/2 is plotted against concentration over three decades. First, it can be seen that for eacil fatty acid, t1/2 is linear with concentration.
This means that under the conditions of the experiment, a relative inhibition index can be estimated.
If one extrapolates the straight lines to t1/2 equal to zero, one will obtain the concentration which will theoretically produce instantaneous inhibition of 50% the activity. In Table 2 , it can 1)e seen that palmitic acid, a C16 saturated acid, is more effective than stearic acid, a C18 saturated acid. Again, comparison of the four C18 fatty acids shows that, as the unsaturation increases (0, 1, 2, 3 double bonds in the molecule), the effectiveness to produce inhibition increases. However, linolenic (3 double bonds) acid is only slightly more effective than linoleic acid. In Table 3 , are summarized our data which demonstrate this effect.. The stimulating effect is of the order of 10-20%. It is concentration-dependent (see palmitate data), and it is also dependent upon the type of chemical: compare stearic acid and linoleic acid. It is also time-dependent. This means that the stimulation effect gradually grades into inhibition.
The concentration of fatty acid, of course, determines just how long it takes for inhibition to begin to operate. This is shown in Fig. 1 (oleic acid) and Table 3 for the data with linoleic acid at 0.15 X 108 moles fatty acid per 106 cells. The value (800 mm.) is the value for t1!2 estimated from an inhibition curve.
The stimulation of 02 uptake by fatty acids has been interpreted in terms of an uncoupling effect of oxidative phosphorylation in the mitochondria (10) .
This uncoupling effect was found to be reversible in isolated mitochondria
(ii).
However, it can readily be shown that with intact cells the stimulation effect has a finite time and transitory existence, and then begins to grade into inhibition. The effect of fatty acids, fatty acid concentration, and length of con-
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Ac I d tact of tumor cells upon cell count and viability is shown in Table 4 . In evaluating Table 4 , it should be noted that, although at the end of the experimental time period the cells were separated from the fatty acid supernatant in which they were suspended, there is no way of assessing the amount of fatty acid remaining on the cell surface.
Since there is a finite time required for cell counts amid viability studies to be effected, one cannot exactly quantitatively correlate these microscopic studies with respiration effects.
Cone. 
Effect of Fatty Acid Incubation on Tumor Cell Transplantability
The effect of preincubation of tumor cell inocula with fatty acids upon the life span of injected animals was also investigated.
It. cali he demonstrated by means of Table 6 that, under selected conditions of concentration of fatty acids and incubation time with tumor cells, tile increase in mean life span of injected animals is readily correlated to the degree of cell lysis. lt has already been shown that inhibition of respiration may be correlated to loss of cell viability and eveiitiially to a loss in cell count due to lysis. The data in Table 6 are also in agreement with the results reported previously (1) of the effect of dilution of tumor inocula upon mean life span: dilution of tumor inocula produces an increase in mean life span as well as a decrease in flue percentage of "tumor takes." Some of the data in Table 6 need further clarification. First, at. the two higher concentrations, except where the notation "clumping" appears, there were no cells observed microscopically in the iiicuhated samples, and therefore, no injections were made. Second, depending upon fatty acid concentration and incubation time, the cell suspensions developed, to varying degrees, unusually high viscosity. The lytic action which produces this viscous effect is so rapid and so complete that we routinely use fatty acids to lyse tumor cell suspensions for desoxyribonucleic acid extractions (12) .
The lytic effect of relatively high concentrations of fatty acids upon tumor cell inocula was mainly to reduce the effective cell concentration as though a dilution had been effected.
From the data of Bennett and Connon (13) , it can be deduced that these long-chain fatty acids at the relatively high concentrations mentioned above would also be lytic for red cells as well as the tumor cells; therefore, the protective effect of the oleic acid with respect to its potential usefulness as a chemotherapeutic drug becomes meaningless.
It was thought that, at concentrations of fatty acids which do not cause lysis or hemolysis but do affect respiration (stimulation of 02 uptake as the causative factor in uncoupling of phosphorylation in the mitochondria), a selective type of inhibition of tumor cells might be effected. 
KATCHMAN fT AL Clinical Chemistry
It can be seemi in Table 7 that there is no effect upon the mean life span for linolenic acid, stearic acid, or palmitic acid. It is apparent that tile uncoupling of phosphorylation produced by the palmitic acid is reversible in the intact cell as iii the mitochondria (11 The antitumor activity of fatty acids as found for i0-hydroxy-2-decemmoic acid and other saturated dicarboxylic acids was reported (2, 4) to occur only at very narrow ranges of concentration and pH. The pH effect (fatty acids active only below pH 5; a1)out 4.5) is rare enough but is of no therapeutic value since the activity is lost at physiologic j)H's. Since our studies were carried out at physiologic pH, the data are not directly comparable.
